T HE IMPLANTABLE CARDIOverter-defibrillator (ICD) is a highly effective therapy for preventing sudden cardiac death in patients with heart failure. [1] [2] [3] [4] However, the outcomes of this therapy in routine clinical practice are largely uncertain. Because randomized clinical trials generally enroll patients with fewer comorbidities and are usually conducted in highly controlled and monitored settings, the results of the primary prevention ICD trials may not be generalizable to routine clinical practice. Some studies have demonstrated the lack of generalizability of randomized clinical trials' findings to clinical practice in acute coronary syndromes, heart failure, hypertension, and depres-sion. [5] [6] [7] [8] [9] [10] [11] Whether the findings of randomized clinical trials of primary prevention ICD therapy are generalizable to clinical practice needs to be investigated, especially given the cost and potential complications associated with this device, such as infection and lead and device failure.
We conducted this study to determine whether a difference in survival exists between trial-eligible patients who receive a primary prevention ICD as documented in a large national registry and similar patients randomized to receive ICD therapy in primary prevention clinical trials.
METHODS

Data Sources
MADIT-II and SCD-HeFT. The Multicenter Automatic Defibrillator Implantation Trial II (MADIT-II) was a randomized clinical trial of patients with a history of myocardial infarction and a left ventricular ejection fraction (LVEF) of 30% or less. After a mean follow-up of 20 months, ICD therapy reduced mortality compared with medical therapy (14.2% vs 19.8%; hazard ratio [HR] , 0.69; 95% CI, 0.51-0.93; P =.02). 3 The Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT) was a multicenter, randomized clinical trial of patients with heart failure due to ischemic or nonischemic cardiomyopathy and LVEF 35% or less despite optimal medical therapy. 4 After a median follow-up of 45.5 months, ICD therapy reduced mortality compared with placebo and amiodarone (22% vs 29%; HR, 0.77; 95% CI, 0.62-0.96; P = .007). 4 The original patient-level data from MADIT-II and SCD-HeFT were used for this analysis.
National Cardiovascular Data Registry ICD Registry. In 2005, the Centers for Medicare & Medicaid Services announced its decision to expand coverage for ICD implantation for the primary prevention of sudden cardiac death and mandated entering data on all primary prevention ICD implants in Medicare beneficiaries into a national ICD registry. In response to this mandate, the National Cardiovascular Data Registry (NCDR) ICD Registry was launched in June 2005. Of the 1448 participating hospitals, 78% submit data on all ICD implants. Because these hospitals are generally the larger participating hospitals, they account for 90% of all ICD implants entered into the registry.
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Details of the ICD Registry have been published previously.
14 After formal training on data collection and entry by the NCDR, participating hospitals submit data directly to the NCDR via a secure website. To ensure quality, submitted data undergo rigorous electronic quality checks. Annually, up to 10% of participating sites are randomly selected for an on-site audit.
14 Death Master File Data. The NCDR contracted with Yale University to independently conduct deterministic matching between the ICD Registry and the Death Master File from the Social Security Administration. Yale created a limited data set by determining the vital status of patients in the ICD Registry through December 31, 2009. To accomplish the deterministic matching, patient Social Security numbers, names, and dates of birth were used. The search was limited to patients with a valid Social Security number, and then vital status was determined in a stepwise fashion. First, records with an exact match of Social Security number were identified. Second, additional matches were identified in which there was an imperfect match by Social Security number (at least 7 matching digits) and an exact match by name and date of birth. The created data set was deidentified and submitted to the NCDR, which then sent the database to the investigators to conduct this research.
Patient Population and Outcomes
In this analysis, we included all patients enrolled in MADIT-II (n=1232) and patients randomized to receive placebo or ICD therapy in SCD-HeFT (n = 1676). The ICD Registry was queried to identify adult patients who were enrolled in the registry from January 1, 2006, through December 31, 2007, and who had a history of a myocardial infarction and an LVEF 30% or less. As in MADIT-II, we excluded patients with New York Heart Association (NYHA) class IV symptoms, patients who received an ICD within 40 days after a myocardial infarction, and patients who received an ICD within 3 months after coronary revascularization.
The ICD Registry was also queried to identify adult patients who were enrolled in the registry from January 1, 2006, through December 31, 2007, and who had NYHA class II or III heart failure symptoms and an LVEF 35% or less. As in SCD-HeFT, patients were excluded if they had class I or IV heart failure symptoms or if they received an ICD within 40 days after a myocardial infarction or within 30 days after coronary revascularization.
At the time of trial or registry enrollment, data collected for each patient included demographics, medical history, presenting physical examination and laboratory test findings, and medications. Individual sites established the race and ethnicity of patients and submitted these data to the ICD Registry and to the MADIT-II and SCD-HeFT data coordinating centers. Because it was a National Institutes of Healthfunded study, collecting data on race in SCD-HeFT was mandatory. Instructions in the ICD Registry clarified that data on race should be collected as determined by the patient or family. No additional specifications were given.
Because one of the main purposes of the ICD Registry was to define how the outcomes of Medicare beneficiaries receiving a primary prevention ICD compare with those of patients enrolled in the primary prevention ICD randomized clinical trials, we prespecified patients 65 years and older as a subgroup of interest.
The end point for this study was mortality from any cause.
Statistical Methods
Baseline characteristics were compared between patients in each trial vs trial-eligible patients in the registry using the Wilcoxon rank sum test for Therefore, to ensure a valid comparison of similar patients, we proceeded with propensity score matching. For each trial, we selected a subset of ICD Registry patients, in a 2:1 registry-trial ratio, who most closely matched the trial patients in terms of baseline variables. Baseline characteristics were compared again to confirm the effectiveness of the matching (eFigure, available at http://www.jama.com). These matched subsets were used for all outcome analyses.
Matching was carried out using the propensity score-based method of Rosenbaum and Rubin. 15 For each trial, the process was as follows. First, the ICD Registry data were trimmed of extreme values (ie, any ICD Registry patients whose age or LVEF was below the minimum or above the maximum for the trial patients were excluded from the process).
Second, a propensity model was developed using logistic multiple regression in which the dependent (outcome) variable was an indicator of whether each patient was a registry or a trial patient, and the independent (predictor) variables were baseline characteristics available in both the registry and the clinical trials. These variables included age, sex, race (white vs other), QRS duration, LVEF, NYHA class, ischemic heart disease (SCD-HeFT model only), prior coronary artery bypass graft procedure, prior percutaneous coronary intervention, prior atrial arrhythmias, prior ventricular arrhythmias (nonsustained), systolic blood pressure, blood urea nitrogen, creatinine, diabetes, hypertension, and medications including ␤-blockers. All trial patients and ICD Registry patients who met the trial entry criteria (except those excluded in the first step) were included. From the logistic regression model, an estimated propensity score (the probability p of being a trial patient) and a corresponding logit for the propensity score (log e [p/(1Ϫp)]) were calculated for each patient.
Third, for the first match (1:1), a caliper width of 0.25 (standard deviation of the logit) was used. For a given trial patient, all ICD Registry patients were considered whose logit differed from the trial patient's logit by less than the caliper width; among these patients, the ICD Registry patient with the shortest (Mahalanobis) distance from the trial patient was selected as the match. Fourth, trial patients for whom no ICD Registry patients were within the caliper width were matched with the ICD Registry patient who had the closest logit. Fifth, and finally, for the second match (2:1), the caliper width was set to 0.40 (standard deviation of the logit); the process was otherwise the same. Each trial patient was matched with 2 ICD Registry patients, and each ICD Registry patient could be matched only once for each trial.
The primary analyses compared trial patients randomized to receive an ICD to all of the matched ICD Registry patients for that trial. The secondary analyses compared trial patients randomized to medical therapy to all of the matched ICD Registry patients for that trial. Cox proportional hazards models were used to examine mortality in ICD Registry patients compared with trial patients, after controlling for baseline clinical variables. Although the matching process was expected to produce similar groups, covariate adjustment was used to control for any remaining imbalances. All of the baseline variables listed above for the propensity analysis were included as covariates in each model. Risk relationships are shown as HRs and 95% CIs from the Cox models. We tested the proportionality assumption for the variable identifying whether each patient was a trial participant or a registry patient for the 4 main models, and it was met in all cases. As a prespecified subgroup analysis, these comparisons were repeated in the subset of patients 65 years and older.
Based on the 2-year mortality rate observed in MADIT-II for patients randomized to medical therapy (22.0%) and the number of patients included in our analyses, we would expect to have greater than 80% power to detect differences larger than 5.0 percentage points. Similarly, based on the 2-year mortality rate observed in SCD-HeFT for patients randomized to placebo (22.4%), we would expect to have greater than 80% power to detect differences larger than 4.8 percentage points. These post hoc power calculations assume that the ratio of clinical trial patients to propensity-matched ICD Registry patients is 1:4 and a 2-sided type I error rate of 0.05.
Differences were declared to be statistically significant at P Ͻ.05, and all statistical tests were 2-sided. For all analyses, SAS version 9.2 (SAS Institute) was used. This study was approved by the institutional review board of the Duke University Health System, which determined that informed consent was not applicable to data collected by the ICD Registry.
RESULTS
Baseline Characteristics
After excluding patients with an ICD for inducible sustained ventricular tachycardia on electrophysiological testing (n=7061), patients who received an ICD with cardiac resynchronization therapy (n=50 740), and patients who received device replacements (n=4357), 56 985 ICD Registry patients met the criteria for 1 or both clinical trials. In the ICD Registry, there were 28 608 MADIT-II-like patients and 53 351 SCD-HeFT-like patients. MADIT-II and SCD-HeFT included 742 and 829 patients, respectively, who were randomized to receive an ICD. The number of patients ran-domized to medical therapy in MADIT-II and to placebo in SCD-HeFT was 490 and 847, respectively.
The baseline characteristics of these groups are presented in TABLE 1 and  TABLE 2 , respectively. Patients 65 years and older accounted for 62% of MADIT-II-like patients and 57% of SCDHeFT-like patients. Compared with patients in the MADIT-II trial, MADIT-II-like patients in the ICD Registry were significantly older and had a higher burden of comorbidities. Likewise, compared with patients in SCDHeFT, SCD-HeFT-like patients in the ICD Registry were significantly older and had a higher burden of comorbidities.
As shown in Table 1 and Table 2 , propensity score matching provided well-matched samples with only a few remaining differences. Except for ␤-blocker use, the few differences that were statistically significant did not appear to be clinically meaningful.
Mortality From Any Cause
The median follow-up in MADIT-II and the matched registry patients was 19. MADIT-II Analyses. In the adjusted Cox proportional hazards models, there was no significant difference in survival between MADIT-II-like patients in the ICD Registry and MADIT-II patients randomized to receive an ICD (2-year mortality rates: 13.9% vs 15.6%; adjusted registry vs MADIT-II HR, 1.06; 95% CI, 0.85-1.31; P=.62). As shown in TABLE 3 and FIGURE 1, the survival of MADIT-II-like patients in the ICD Registry was significantly better than the survival of MADIT-II patients randomized to medical therapy (2-year mortality rates: 13.9% vs 22%; adjusted registry vs MADIT-II HR, 0.73; 95% CI, 0.59-0.92; P=.007).
SCD-HeFT Analyses. In the adjusted Cox proportional hazards models, there was no significant survival difference between SCD-HeFT-like patients in the ICD Registry and patients randomized to receive ICD therapy in SCDHeFT (3-year mortality rates: 17.3% vs 17.4%; adjusted registry vs SCD-HeFT HR, 1.16; 95% CI, 0.97-1.38; P = .11) Table 3) . Older SCD-HeFT-like patients in the registry had significantly better survival than older patients who received placebo in SCD-HeFT (3-year mortality rates: 21.8% vs 30.2%; adjusted registry vs SCD-HeFT HR, 0.76; 95% CI, 0.60-0.96; P =.02) ( Table 3) .
COMMENT
Comparing the largest registry of ICD implants in the United States with 2 pivotal primary prevention randomized clinical trials, we demonstrated that the adjusted survival of MADIT-II-like and SCD-HeFT-like patients who received a primary prevention ICD in clinical practice was not significantly different from the survival of patients who received an ICD in the clinical trials but was significantly greater than the survival of trial patients randomized to receive medical therapy only. Importantly, the generalizability of these results held even after limiting the analyses to patients 65 years and older. Abbreviations: ACE, angiotensin-converting enzyme; ARB angiotensin receptor blocker; CABG, coronary-artery bypass graft procedure; ICD, implantable cardioverter-defibrillator; IQR, interquartile range; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; SCD-HeFT, Sudden Cardiac Death in Heart Failure Trial. SI conversion factors: To convert blood urea nitrogen to mmol/L, multiply by 0.357; creatinine to mol/L, multiply by 88.4. a SCD-HeFT-like patients.
Prior work in other fields has demonstrated that it is often challenging to generalize the findings from randomized clinical trials to clinical practice. [5] [6] [7] [8] [9] [10] [11] Our study found that patients receiving ICDs in clinical practice were significantly older and had more comorbidities than those enrolled in the randomized clinical trials. The rates of use of cardiac medications were also significantly different between the groups. After adjusting for these differences with propensity score matching and Cox proportional hazards models, we found no significant difference in survival between MADIT-II-like patients in the ICD Registry and patients randomized to ICD therapy in MADIT-II and significantly better survival than patients randomized to medical therapy in MADIT-II.
However, there was an appreciable difference in survival between MADIT-II patients who received medical therapy and MADIT-II-like patients in the ICD Registry that appeared early and continued during follow-up (Figure 2 ). Although the improved survival among the MADIT-II-like patients in the registry is likely due to the ICD, other additional factors may have played a role. Such factors include the (slightly) lower blood Patients compared were MADIT-II-like patients in the ICD Registry, MADIT-II patients randomized to ICD therapy, and MADIT-II patients randomized to medical therapy (for matched patients only). MADIT-II indicates Multicenter Automatic Defibrillator Implantation Trial-II; ICD, implantable cardioverter-defibrillator. urea nitrogen and higher rates of ␤-blocker and statin use at baseline in the registry patients after matching. Although blood urea nitrogen was not significantly different between the 2 groups, it was the strongest (by 2 statistic) factor in the mortality model, which is why it likely had an appreciable effect on the results.
Similarly, we observed no significant difference in survival between SCD-HeFT-like patients in the ICD Registry and patients randomized to receive ICD therapy in SCD-HeFT and significantly better survival than patients randomized to placebo in SCDHeFT. Similar results were found when the analysis was limited to patients 65 years and older. This is important because of the potential for a higher risk of complications from implanting this device in older patients and the presence of other competing risks for mortality. These findings underscore the effectiveness of primary prevention ICD therapy in clinical practice.
In this analysis, we focused on the following question: when we restrict the real-world analysis to patients who are similar to trial patients, is their survival different? Although this is a narrower definition of external validity, it is an important one. Patients enrolled in randomized clinical trials of primary prevention ICD therapy were monitored carefully over the course of the trials, and physicians who implanted and followed those devices were highly experienced. This level of care may not occur in real-world practice. A previous report using Medicare Claims data found that only 43% of patients who received an ICD had an initial follow-up visit within the recommended 2-to 12-week window after device implantation, and approximately 20% of surviving patients had no follow-up within a year. 16 In another analysis of Medicare Claims data, there was an association between a higher risk of procedural complications and a lower volume of ICD implants. 17 Therefore, it is reasonable to question whether the results of the trials can be expected in clinical practice.
Through propensity score matching and adjustment for differences between registry patients and patients enrolled in the clinical trials, our matched sample became similar to patients enrolled in the clinical trials. This enabled us to address the concern that the care of patients in the highly controlled and monitored setting of clinical trials compromises the external validity of the results.
One prior retrospective study compared clinical practice patients with an ICD with clinical practice ICDeligible patients with no ICD, using data from the Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients With Heart Failure (OP-TIMIZE-HF) registry and the Get With The Guidelines-Heart Failure (GWTG-HF) registry, as well as long-term outcome data from Medicare claims files. 18 In the 4685 identified patients (mean age, 75 years), mortality was significantly lower among patients who received an ICD compared with those who did not (adjusted hazard ratio, 0.71; 95% CI, 0.56-0.91). 18 Our findings support the results of this study and extend them beyond the Medicare population.
One of the main purposes of the ICD Registry, as specified by the Centers for Medicare & Medicaid Services, was to define how the characteristics and outcomes of Medicare beneficiaries receiving a primary prevention ICD compare with those of patients enrolled in the primary prevention ICD randomized clinical trials. Our analysis provides important data on the survival of trial-eligible patients who receive a primary prevention ICD in routine clinical practice, including patients 65 years and older.
Our study has several limitations. Because of appreciable differences in baseline characteristics between registry and randomized clinical trial patients, we were unable to address the question of how the outcomes of patients receiving an ICD in randomized clinical trials compare with the outcomes of all patients seen in clinical practice. Thus, our results may not apply to registry patients who are significantly different from patients in the clinical trials. The most valid approach for examining the effectiveness of ICDs in clinical practice would be through a clinical trial that randomizes patients of similar age and comorbidities to patients seen in clinical practice to an ICD vs no ICD. Propensity score matching was used to create comparable populations. Because of the exclusion of many patients, our cohort may not resemble a true cohort of patients in real-world practice. We could not adjust for clinical factors not captured by the registry nor for un- known confounders. Data were collected by medical record review that was dependent on the accuracy and completeness of documentation and abstraction. Given the limited follow-up in the clinical trials and the merged ICD Registry with the Death Master File, we were unable to examine longer-term survival.
In addition, excluding recipients of cardiac resynchronization therapy may raise concerns about potential fundamental differences between our patient population and patients enrolled in the trials, as some patients with NYHA class III symptoms who would now be eligible for a cardiac resynchronization therapy device were not excluded from MADIT-II and SCDHeFT; however, patients with NYHA class III symptoms made up only 23% of the MADIT-II population and 30% of the SCD-HeFT population, and a smaller percentage would have qualified for cardiac resynchronization therapy based on a wide QRS.
CONCLUSIONS
Using the largest registry of ICD implants in the United States, we demonstrated that survival among MADIT-II-like and SCD-HeFT-like patients who received a primary prevention ICD in clinical practice was not significantly different from survival among patients who received an ICD in those major primary prevention ICD trials but was significantly greater than trial patients randomized to receive medical therapy. These findings were observed in the overall studied population as well as in patients aged 65 years and older.
